Meta-analysis on the efficacy of routine vaccination against foot and mouth disease (FMD) in China by Cai, C. et al.
  
MURDOCH RESEARCH REPOSITORY 
 
 
 
 
This is the author’s final version of the work, as accepted for publication  
following peer review but without the publisher’s layout or pagination.  
The definitive version is available at 
http://dx.doi.org/10.1016/j.prevetmed.2014.03.020  
 
 
Cai, C., Li, H., Edwards, J., Hawkins, C. and Robertson, I.D. 
(2014) Meta-analysis on the efficacy of routine vaccination 
against foot and mouth disease (FMD) in China. Preventive 
Veterinary Medicine, 115 (3-4). pp. 94-100. 
 
 
 
 
http://researchrepository.murdoch.edu.au/22078/ 
 
 
 
 
 
 
Copyright: © 2014 Elsevier B.V. 
 
It is posted here for your personal use. No further distribution is permitted. 
 
 
 
Accepted Manuscript
Title: Meta-analysis on the efficacy of routine vaccination
against Foot and Mouth Disease (FMD) in China
Author: Chang Cai Huachun Li John Edwards Chris Hawkins
Ian D. Robertson
PII: S0167-5877(14)00115-9
DOI: http://dx.doi.org/doi:10.1016/j.prevetmed.2014.03.020
Reference: PREVET 3552
To appear in: PREVET
Received date: 3-7-2013
Revised date: 8-3-2014
Accepted date: 22-3-2014
Please cite this article as: Cai, C., Li, H., Edwards, J., Hawkins, C.,
Robertson, I.D.,Meta-analysis on the efficacy of routine vaccination against Foot
and Mouth Disease (FMD) in China, Preventive Veterinary Medicine (2014),
http://dx.doi.org/10.1016/j.prevetmed.2014.03.020
This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.
Page 1 of 22
Ac
ce
pte
d M
an
us
cri
pt
 
 
Elsevier Editorial System for Preventive Veterinary Medicine 
Manuscript Draft 
Manuscript Number: PREVET-13-255R1 
Title: Meta-analysis on the efficacy of routine vaccination against Foot and Mouth 
Disease (FMD) in China 
Article Type: Research Paper 
Keywords: foot and mouth disease, China, meta-analysis, routine vaccination 
Corresponding Author: Dr. Chang Cai 
Corresponding Author's Institution: College of Veterinary Medicine, School of 
Veterinary and Life Sciences, Murdoch University, Western Australia. 
First Author: Chang Cai 
Order of Authors: Chang Cai; Huachun Li; John Edwards; Chris Hawkins; Ian D. 
Robertson 
Abstract: Foot and mouth disease (FMD) outbreaks have been reported in China for 
many years. Recently, due to the rapid economic development, the price of meat and 
its demand have grown quickly. This trend has resulted in an increase in the number 
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Abstract 17 
Foot and mouth disease (FMD) outbreaks have been reported in China for many years. 18 
Recently, due to the rapid economic development, the price of meat and its demand 19 
have grown quickly. This trend has resulted in an increase in the number of livestock 20 
moving from south-east Asian countries into China. Foot and Mouth Disease is 21 
becoming one of the most important trans-boundary animal diseases affecting the 22 
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livelihood of livestock owners in China. To contribute to the long term goal to control 23 
and eradicate FMD from China, the Chinese government has adopted a series of 24 
control measures which includes compulsory routine vaccination against the disease. 25 
In this paper, the surveillance results of the routine vaccination program were 26 
systemically reviewed. The results from 28 published papers were combined and 27 
analysed through a Meta-Analysis approach. The results of the Meta-Analysis 28 
indicated that the vaccination program has been very successful in China with more 29 
than 70% of animals protected against serotypes Asia-1 and O. 30 
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1. Introduction 31 
Foot and Mouth Disease (FMD) is a highly contagious epizootic disease which has had a 32 
devastating effect on animal industries for many centuries (Mahy 2005). There are seven 33 
serotypes of Foot and Mouth Disease Virus (FMDV) which contain numerous subtypes 34 
(Rodriguez and Gay 2011). Measures recommended by the World Organisation for Animal 35 
Health (OIE) for the control of FMD include a zoning approach (dividing a region into zones 36 
and applying different control programs in these zones), routine vaccination, a surveillance 37 
programme, a stamping out policy and emergency vaccination (OIE 2011). 38 
Routine vaccination, as one of the main FMD controlling steps, is a critical tool in controlling 39 
and eradicating FMD, particularly in countries where the disease is endemic (Doel 2003). For 40 
the purpose of controlling infectious animal diseases in China, the China National Animal 41 
Epidemic Prevention Law was proclaimed on the 1
st
 January 1998 and was revised in 2008 42 
(Ye 2008). In this law, Article 13 states that China applies compulsory vaccination to 43 
epidemic animal diseases which cause serious damage to the breeding and production 44 
potential or to human health. These epidemic diseases include highly pathogenic avian 45 
influenza (HPAI), Porcine Reproductive and Respiratory Syndrome (PRRS), Foot and Mouth 46 
Disease (FMD), Classical Swine Fever (CSF) and Peste des Petits Ruminants (PPR) 47 
(Anonymous 2010).  48 
Compulsory routine vaccination against FMD in China involves vaccination of pigs against 49 
FMD serotype O virus, cattle, sheep (and goats), camels and deer against serotypes O and 50 
Asia-1, dairy and breeding cows against serotype A, and cattle and sheep/goats from Guangxi 51 
Page 5 of 22
Ac
ce
pte
d M
an
us
cri
pt
4 
 
Zhuang Autonomous Region (Guangxi Province), Yunnan Province, Tibet Autonomous 52 
Region (Tibet), and Xinjiang Province against serotype A. In large scale livestock farms, 53 
piglets and lambs are initially vaccinated at 4 to 5 weeks of age and calves at approximately 54 
90 days of age. After one month, animals should receive a secondary booster vaccination and 55 
then should be revaccinated at four to six monthly intervals. Backyard livestock are 56 
vaccinated biannually (in spring and autumn) by staff from local veterinary stations. However 57 
when outbreaks of FMD occur, emergency vaccination is implemented to prevent the disease 58 
from spreading. These emergency procedures involve vaccination of all susceptible animals 59 
in the outbreak and establishment of buffer zones by the government. The vaccines adopted 60 
by the Chinese Government for cattle, sheep and goats, camels and deer include serotypes O 61 
and Asia-1 bivalent inactivated vaccines, serotype O plus serotype A bivalent inactivated 62 
vaccine and serotype A inactivated vaccine. The vaccines used in pigs are inactivated and 63 
synthetic peptide serotype O vaccines. Empty capsid vaccines of serotype O are also 64 
administered to pigs in approved regions (Anonymous 2010).  65 
After a compulsory vaccination program is completed, a surveillance program is required to 66 
be implemented. The surveillance is designed to assess the vaccine coverage and its 67 
effectiveness. According to the standard of the Ministry of Agriculture, China, the liquid 68 
phase blocking ELISA (LPB-ELISA) is to be used for testing antibody to serotype Asia-1, 69 
with a titre ≥ 64 required to demonstrate protection. For serotype O the indirect 70 
haemagglutination assay (IHA) and the LPB-ELISA are used with effective titres assessed at 71 
≥ 32 and 64, respectively. For serotype A a titre ≥ 64 on the LPB-ELISA is required. The 72 
indirect ELISA is also used for diagnosing antibody to the VP-1 structural protein (titre ≥ 32 73 
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required). This structural protein is used in synthetic peptide vaccines to protect pigs against 74 
serotype O (Anonymous 2010). 75 
This study was designed to evaluate the efficacy of the routine vaccination program against 76 
FMD adopted in China through a systematic review and a meta-analysis approach. 77 
2. Materials and methods 78 
Literature on responses to vaccination against FMD in China was collected through searching 79 
literature databases. Three Chinese and one English literature databases were searched (Wan 80 
Fang Data (www.wanfangdata.com.cn), Wei Pu Information Network (www.cqvip.com) and 81 
China National Knowledge Infrastructure (CNKI) (www.cnki.net) and PubMed 82 
(www.ncbi.nlm.nih.gov/pubmed)). 83 
The fuzzy inquiry option on the database searching engine was used in all three Chinese 84 
databases to search for the Chinese equivalent words for “vaccination”, “surveillance” and 85 
“detection” in the papers’ titles, key words and abstracts. After fuzzy searching, the published 86 
period of papers was limited to 1998 to 2012, since the compulsory vaccination policy was 87 
initiated only in 1998. One thousand eight hundred and thirty eight papers were recovered 88 
from Wan Fang Data, 6098 papers were found in Wei Pu Information and 5657 papers were 89 
listed in CNKI. The titles and abstracts of these papers were screened, and papers with 90 
information relating to FMD antibody level detection/surveillance after vaccination or FMD 91 
vaccination efficacy in field were selected. After title and abstract screening, 41 papers, 47 92 
papers and 98 papers were chosen from Wan Fang Data, Wei Pu Information and CNKI, 93 
respectively. 94 
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In the English database PubMed, “Foot and mouth disease” and “China” not “hand foot and 95 
mouth disease” were input into the Advanced Search Builder for searching for papers. Three 96 
hundred and eighteen papers were recovered, of which 281 were completed in the period 97 
1998 to 2012. After title and abstract screening, none of the papers included in the PubMed 98 
search introduced FMD antibody level detection/surveillance after vaccination or FMD 99 
vaccination efficacy in field. 100 
The papers from the three Chinese databases were compared and combined to remove 101 
duplicated papers. This resulted in 132 unique papers, of which 128 were available in full 102 
text. 103 
These publications were then assessed and selected if they fulfilled the following conditions: 104 
a) The aim of the study was to evaluate antibody titre to FMD after routine vaccination. 105 
b) The diagnostic methods used in the study were the standard methods required by the 106 
China’s Ministry of Agriculture (MOA). 107 
c) The study clearly indicated the species of animals tested which must have included at 108 
least one domestic livestock animal (pigs, cattle and sheep/goats). 109 
d) The study clearly indicated the breeding condition of the tested animals, farms or 110 
households (small scale breeding in the farmer’s backyard). 111 
e) If the animals tested included cattle and/or sheep/goats, then the study needed to clearly 112 
indicate the serotype tested. 113 
f) The study must have reported the number of animals with sufficient immunity and the 114 
total number of samples tested. 115 
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g) The criterion used to determine sufficient immunity must have been clearly reported and 116 
was similar to that required by the Chinese Ministry of Agriculture. 117 
Research studies were excluded if they were designed to: 118 
1) Test the efficacy of an FMD vaccine using comparative field trials. 119 
2) Test the dynamics of antibody to FMD. 120 
3) Compare antibody testing methods. 121 
4) Test animals from slaughter houses or meat/food products factory. 122 
After screening only 28 papers fulfilled all of the listed criteria. These 28 papers were 123 
published in Chinese scientific journals as scientific research papers. Twenty eight papers 124 
provided 73 studies. Descriptive statistical analysis was applied to summarise the successful 125 
immunization proportions of total 73 studies through IBM® SPSS® Statistics version 21. 126 
These studies were then divided into livestock species, breeding models (farm or household) 127 
and ruminant vaccine types. The same descriptive statistical analysis was applied to these 128 
recombined groups to determine differences in vaccine efficacy between species, breeding 129 
models and ruminant vaccine types. The inverse variance method, LOGIT transformation, 130 
was used to test and quantify the homogeneity among studies in overall and recombined 131 
groups with the software R
©
 version 2.13.2 provided by The R Foundation for Statistical 132 
Computing (www.r-project.org). If the test for homogeneity had a P > 0.05, then the studies 133 
were considered homogeneous, otherwise it was considered heterogeneity (He, Wang et al. 134 
2011). The value of I-squared were used for quantifying the heterogeneity.  135 
This study was designed to analyse published papers on the efficacy of vaccination to FMD 136 
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induced by routine vaccination. However studies which result in positive and significant 137 
findings are more likely to be published than those which produce negative or non-significant 138 
findings (Halasa, Boklund et al. 2011). Funnel graphs were constructed to show the bias in 139 
one overall group and seven recombined groups (Song, Khan et al. 2002). To indicate the 140 
statistical asymmetry of funnel graphs, both Begg’s test and Egger’s test were conducted by 141 
using the software R
©
 version 2.13.2 (Borenstein 2006). If the test for asymmetry had a P 142 
value > 0.1, there was significant bias found among studies (Egger et al, 1997).  143 
Multivariate logistic regression analysis using a backward elimination method was performed 144 
through IBM® SPSS® Statistics version 21 to identify groups linked with a significantly 145 
increased level of protection. If the P value < 0.05, the group was considered had significant 146 
association with improving the protection against FMD in China.  147 
3 Results 148 
3.1 Results of the meta-analysis of vaccination against FMD in China 149 
The details, such as the animal species tested, livestock breeding models, the type of vaccine, 150 
and the statistic results of the proportion of seroprotective successes (with 95%CI) of each 151 
studies were displayed in Table 1. The combined results of overall 73 trials were indicated in 152 
Table 2. The median and mean proportion that was seroprotective after vaccination are both 153 
75% with the central 90% range of 52-93%. The test homogeneity result for these data had a 154 
P value < 0.0001, indicating heterogeneity among the 73 studies, and I-squared data showed 155 
that up to 98.1% of the differences between these studies are real differences (Borenstein et 156 
al., 2010). Two tests of bias of these studies indicated different results (Table 2). Egger’s test 157 
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indicated the asymmetry less than 0.1 but Begg’s test showed the P value bigger than 0.1. 158 
Since the sample size in the overall group were big (73 studies), Begg’s test result was 159 
adopted (Sterne et al., 2000).   160 
3.2 Results of the meta-analysis of vaccination against FMD in different groups  161 
As some papers had multiple studies, the data were reorganised into livestock breeds, 162 
breeding models and antibody types (Table 2).  163 
The lowest level of protective immunity was found in pigs (median 72% with the central 90% 164 
range 48-89%) and against serotype Asia-1 (median 72% with the central 90% range 165 
55-83%). This was not significantly different from the national standard set for China (70%) 166 
(Anonymous 2010). Overall the highest level of protection was the group that against 167 
serotype O (median 82% with the central 90% range 65-96%), followed by cattle (median 168 
81% with the central 90% range 62-96%). The proportion of protected animals was similar in 169 
sheep/goats (median 77% with the central 90% range 60-94%) and farm breeding animals 170 
(median 79% with the central 90% range 52-93%). The tests for heterogeneity of the eight 171 
groups all had P values < 0.0001, and the quality of the heterogeneity in each subgroups 172 
presented no values less than 83%.     173 
The statistical results of the publication bias of the total group and the seven sub-groups are 174 
displayed in Table 2. The tests results of Begg’s indicated there were no evidence of 175 
significant publication bias in the subgroups. However, Egger’s tests showed P values < 0.1 176 
in pigs, farm and against type O groups. Trials size in these three subgroups were not small, 177 
so Begg’s tests results were used.  178 
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The results of the linear regression analysis indicated that groups of cattle, sheep/goats, and 179 
vaccine against serotype O virus significantly improved the immunity protection (P<0.05). 180 
4. Discussion 181 
This is the first study designed to evaluate the effectiveness of the routine vaccination 182 
strategy against FMD in China that used meta-analysis for single proportions.  183 
To improve the health and well-being of both livestock and the human population, China has 184 
adopted strategies to control and eradicate several severe animal diseases including 185 
cooperating with international agencies in these endeavours (Anonymous 2008). This has 186 
involved investing in disease control programs, national animal disease detection stations, 187 
national border area animal disease detection stations, and village level veterinary stations.  188 
Routine vaccination is one of the steps adopted by the Chinese government in an attempt to 189 
eradicate FMD from China. This, combined with other strategies, has already reduced the 190 
number of provinces affected by outbreaks of Asia-1 from seven in 2005 to three in 2008. 191 
Similarly the number of provinces with reported outbreaks from serotype O has reduced from 192 
10 in 2010 to four in 2011 (Anonymous 2012).  193 
Studies tested in this paper covered 19 provinces (out of 34 provincial administrative regions) 194 
in China. These provinces were concentrated in the region from central China to the eastern 195 
coastal areas of China, although four western provinces were included in the study. In this 196 
study it was shown that the level of protective immunity detected in cloven-hoofed livestock, 197 
raised in the farm and against different FMDV serotypes had reached the Chinese national 198 
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standard (70%). This percentage is higher than that of other Upper Mekong Region countries 199 
(41% in northern Laos (Khounsy 2012); 52 to 76% in Vietnam (Van 2010, Do 2011)). 200 
Control of FMD by vaccination has been recommended as an important control strategy to 201 
adopt in neighbouring Upper Mekong Region countries (Wacharapon, 2008; Khounsy, 2012; 202 
Van, 2010).  203 
An epidemiological study indicated that in southern Thailand, vaccination against FMD can 204 
reduce the annual cumulative incidence by 85% (Wacharapon 2008, Wongsathapornchai, 205 
Salman et al. 2008), however, the level of seroconversion is heavily reliant upon the efficacy 206 
of the vaccine (Wongsathapornchai, Salman et al. 2008). These observations parallel the 207 
findings described in the current study.  208 
All of the heterogeneity tests among studies indicated that at least 83% of the differences in 209 
tested groups were due to the real variation among studies. These real variations were the 210 
different features of the population of the trials, including animal genders, animal species, 211 
ages, and living environments, vaccines against different serotypes and their doses.  212 
Published Chinese papers have reported that anaphylactic reactions to FMD vaccines have 213 
included raised body temperature, decreased appetite, convulsions and asphyxiation (Liu and 214 
Wang 2008, Liu, Ren et al. 2011, Zhang 2012). Studies in other countries have also reported 215 
occasional adverse reactions to vaccination including collapse and apnoea (Black, Menard et 216 
al. 1975, Black and Pay 1975, Black and Francis 1988, Doel 2003). However these reported 217 
complications have predominantly been in the 1970’s and since then alternative techniques 218 
have been adopted for vaccine production including the purification of antigens and 219 
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inactivation of the virus with BEI (Doel 2003). As well as these measures, avoiding the 220 
vaccination of sick, weak or peri-parturient livestock, disinfecting the vaccine bottle prior to 221 
use, and using single-use disposable needles can reduce the incidence of adverse reactions 222 
(Liu 2010, Zhao 2010, Sun 2011). However the restriction on the international trade of 223 
animals and animal products which have been vaccinated against FMD has the greatest 224 
potential impact on the use of vaccine (Scudamore 2004). However the use of modern, 225 
serotype-specific vaccines in endemic areas is still regarded as the key to disease control 226 
(Hunter 1998, Kahn, Geale et al. 2002, Cox, Voyce et al. 2005). The ideal FMD vaccine 227 
needs to fulfil several conditions including safety, efficacy, inducing a long period of 228 
seroprotection, being easily used and stored, and allow differentiation of infected from 229 
vaccinated animals (DIVA) (Domenech, Lubroth et al. 2010, Morrissy 2011).  230 
5. Conclusions 231 
The routine FMD vaccination program adopted by the Chinese government has provided 232 
protection to a level considered protective by the Ministry of Agriculture, China.  233 
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Table 1. Details of 28 published papers on control of FMD by vaccination meeting the selection criteria 339 
Paper 
No. 
Publish Year First Author Species Breeding Model 
No. of 
Seroprotective 
Successes 
No. of 
Samples 
Proportion of 
Seroprotective 
Successes (95%CI)  
Antibody 
Type 
1 2004 Li M pigs farm 634 1252 51% (48%-53%) O 
2 2004 Lin L pigs farm 159 332 48% (42%-51%) O 
3 2005 Zhao L pigs farm 92 95 97% (91%-99%) O 
4 2006 Xu M cattle farm 631 726 87% (84%-88%) O 
5 2007 Chen J pigs farm 663 941 70% (67%-72%) O 
6 2007 Wen M pigs farm 394 407 97% (95%-98%) O 
   pigs household 10 13 77% (46%-90%) O 
   cattle farm 129 146 88% (82%-91%) O 
   cattle household 6 9 67% (30%-86%) O 
7 2008 Lin Z cattle farm 50 60 83% (71%-89%) O 
   cattle household 47 60 78% (66%-87%) O 
   cattle farm 48 60 80% (68%-89%) Asia-1 
   cattle household 44 60 73% (60%-84%) Asia-1 
   sheep farm 70 90 78% (68%-86%) O 
   sheep household 64 90 71% (61%-80%) O 
   sheep farm 65 90 72% (62%-81%) Asia-1 
   sheep household 60 90 67% (56%-76%) Asia-1 
8 2008 Liu Y cattle farm 199 221 90% (85%-94%) O 
   cattle farm 397 545 73% (69%-77%) O 
   cattle farm 53 83 64% (53%-74%) O 
   sheep farm 143 178 80% (74%-86%) O 
   sheep farm 431 571 75% (72%-79%) O 
   sheep farm 61 84 73% (62%-82%) O 
   pigs farm 16 28 57% (37%-76%) O 
   pigs farm 72 115 63% (53%-71%) O 
   pigs farm 12 25 48% (28%-69%) O 
 340 
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Table 1. Details of 28 published papers on control of FMD by vaccination meeting the selection criteria (continued) 342 
Paper 
No. 
Publish Year First Author Species Breeding Model 
No. of 
Seroprotective 
Successes 
No. of 
Samples 
Proportion of 
Seroprotective 
Successes (95%CI)  
Antibody 
Type 
9 2008 Long W pigs farm 306 469 65% (61%-70%) O 
10 2008 Pang J pigs farm 126 175 72% (65%-79%) O 
11 2008 Ren G pigs farm 622 854 73% (70%-76%) O 
   pigs house6hold 237 356 67% (61%-71%) O 
   cattle farm 421 475 89% (85%-91%) O 
   pigs household 107 154 69% (62%-77%) O 
   cattle farm 119 181 66% (58%-73%) O 
   cattle farm 257 312 82% (78%-86%) Asia-1 
   cattle household 54 91 59% (49%-70%) Asia-1 
   sheep farm 63 118 53% (44%-63%) Asia-1 
12 2008 Yuan L pigs farm 397 673 59% (55%-63%) O 
13 2008 Zhang D pigs farm 135 170 79% (73%-85%) O 
   pigs household 295 360 82% (78%-86%) O 
14 2009 Liu S pigs farm 77 90 86% (77%-92%) O 
15 2009 Wu J pigs farm 4897 9887 50% (49%-51%) O 
16 2009 Xiao G pigs farm 1044 1617 65% (62%-67%) O 
17 2009 Zhang C pigs farm 71 315 23% (18%-28%) O 
18 2009 Zhang Y pigs farm 51 60 85% (73%-93%) O 
   cattle farm 118 127 93% (87%-97%) O 
   cattle farm 107 127 84% (77%-90%) Asia-1 
19 2010 Liu B pigs farm 147 200 74% (67%-79%) O 
   pigs household 346 800 43% (40%-47%) O 
20 2010 Quan Y cattle farm 112 140 80% (72%-86%) O 
   cattle household 31 60 52% (38%-65%) O 
21 2011 Gan Y pigs farm 2214 2509 88% (87%-89%) O 
   pigs household 1254 1770 71% (69%-73%) O 
22 2011 He C pigs farm 129 180 72% (65%-78%) O 
 343 
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Table 1. Details of 28 published papers on control of FMD by vaccination meeting the selection criteria (continued) 344 
Paper 
No. 
Publish Year First Author Species Breeding Model 
No. of 
Seroprotective 
Successes 
No. of 
Samples 
Proportion of 
Seroprotective 
Successes (95%CI)  
Antibody 
Type 
23 2011 Su C pigs farm 285 332 86% (82%-89%) O 
   pigs household 384 463 83% (79%-86%) O 
   cattle farm 186 195 95% (91%-98%) O 
   cattle farm 76 113 67% (58%-76%) Asia-1 
   cattle household 277 278 100% (98%-100%) O 
   cattle household 63 96 66% (55%-75%) Asia-1 
   sheep farm 57 60 95% (86%-99%) O 
   sheep farm 13 20 65% (41%-85%) Asia-1 
   sheep household 243 266 91% (87%-94%) O 
   sheep household 96 124 77% (69%-84%) Asia-1 
24 2011 Wei Z pigs farm 215 270 80% (77%-84%) O 
   pigs household 73 94 78% (68%-86%) O 
   cattle household 91 94 97% (91%-99%) O 
25 2011 Zhao C pigs farm 124 145 86% (79%-91%) O 
   cattle farm 57 66 86% (79%-94%) O 
   sheep farm 66 71 93% (84%-98%) O 
26 2012 Gao Y pigs farm 175 195 90% (85%-94%) O 
27 2012 Shen Q pigs farm 122 184 66% (59%-73%) O 
28 2012 Zhu X goat farm 193 243 79% (74%-84%) O 
   goat farm 207 253 82% (77%-86%) Asia-1 
 345 
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Table 2. Combined results of the 73 studies and subgroups of livestock species, breeding models 345 
and ruminant vaccine types 346 
  Livestock Type 
 Total Pigs Cattle＊ Sheep&Goats＊ 
Number of papers 28 24 10 6 
Number of studies 73 34 24 15 
Number of animals protected 21290 15885 3573 1832 
Total number of samples 32203 25530 4325 2348 
Mean Proportion (%) 75 71 79 77 
Median Proportion (%) 75 72 81 77 
Central 90% Range (%) 52-93 48-89 62-96 60-94 
Minimum-Maximum (%) 23-100 23-97 52-100 53-95 
Test of Heterogeneity 
P Value <0.0001 <0.0001 <0.0001 <0.0001 
I-squared 97.8% 98.5% 91% 85.3% 
Statistical Asymmetry 
of Funnel Graphs 
Egger’s Test <0.1 <0.1 >0.1 >0.1 
Begg’s Test >0.1 >0.1 >0.1 >0.1 
 Breeding Model Ruminant Antibody Type 
 Farm Household Asia-1 O＊ 
Number of papers 28 8 5 11 
Number of studies 53 20 13 26 
Number of animals protected 17508 3782 1153 4252 
Total number of samples 26875 5328 1554 5119 
Mean Proportion (%) 75 73 71 82 
Median Proportion (%) 79 72 72 82 
Central 90% Range (%) 52-93 53-96 55-83 65-96 
Minimum-Maximum (%) 23-97 43-100 53-84 52-100 
Test of Heterogeneity 
P Value <0.0001  <0.0001 <0.0001 <0.0001 
I-squared 98.1% 95.4% 83.1% 90.2% 
Statistical Asymmetry 
of Funnel Graphs 
Egger’s Test <0.1 >0.1 >0.1 <0.1 
Begg’s Test >0.1 >0.1 >0.1 >0.1 
＊ Factors significantly associated with improved protection against FMD (Linear 347 
Regression P<0.05) 348 
 349 
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